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POLLUTION REDUCTION PROCESS 

BACKGROUND OF THE INVENTION 

L l^W OF THE invention: 

The present mvention relates to a process for reducing and destroying 
pollutants, namely nitrogen oxides (NOx) and carbon monoxide (CO), which 
are produced by combustion of hydrocarbons in an engine, and primarily, in 
a gas turbine. The present invention is also directed to an apparatus for 
performing the process. 

2^ ART background; 

Turbine power plants are becoming the standard for generating 
electricity because they are so efficient compared to any other form of 
power manufacture. Turbine power plants that bum methane to produce 
power for residents and manufacturing f acihties in cities also produce 
carbon monoxide and nitrogen oxide as pollutants. It is higbly desirable to 
reduce or eliminate these pollutants so that the air is not contaminated as a 
result of power production. 

Initially, the permitted level of pollution by power plants for nitrogen 
oxides (NOx), which includes nitric oxide (NO) and nitrogen dioxide (NO2), 
was less than 100 parts-per-million (ppm) and the level of carbon monoxide 
(CO) was to a level of less than 100 ppm. Later, a second step was taken to 
reduce the NOx to less than 25 ppm and the CO today is still permitted at 
any amount less than 100 ppm. Using current technology, the output levels 
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of NOx can be reduced to the range of 5 to 9 ppm plus slippage resulting 
from the selective catalytic reduction (scr) technology described below. 



NQx levels is called selective catalytic reduction, in which ammonia is mixed 
with the flue gas and then passed over a catalyst which selectively combines 
the nitrogen oxides and ammonia to eliminate a m^jor portion of the NQx 
One problem with the selective catalytic reduction is that as a practical 
matter, it is only capable of reducing the NOx to the range of 5 to 9 ppm. 
Another problem, referred to as shppage, is caused by hazardous ammonia 
passing through the catalyst. 

There have been other technologies for reduction of pollution which 
have been advanced, such as overwatering in the combustor, and these also 
have the potential to reduce the NOx pollution, but none of them reduce the 
NOx to levels much less than 5 to 9 ppm. 



The only technology which is currently available to obtain the 5-9 ppm 
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^TTMMARY OF TH F JNVENTION 

The present invention has the capability of reducing hydrocarbon 
burning engine waste pollutants, and particularly those from a gas turbine, 
both NOx and CO, to 1 or 2 ppm or less, depending upon the specific 
apphcation. As far as the present inventors are aware, no other technology 
has the ability to perform as effectively as the performance of the present 
invention. 

Now, in order to remove the pollutants which comprise NOx (including 
NO and NO2), and CO, the present invention follows a completdy different 
path than the prior art methods. The pollutants from a turbine in a power 
generating stack are primarily present as NO, with maybe 10 - 2096 NO2. The 
prior art processes, like selective catalytic reduction, reduces the NO2 and 
NO by reacting it in the presence of ammonia to form nitrogen gas and 
water. The chemical properties of nitric oxide make it a fairly inert material; 
it is not reactive as an add and it is essentially more difficult to dissolve in 
solvents such as water. 

In our process we have f oimd that taking a completely opposite 
approach can and does reduce the pollutants to levels as low as below 1 
ppm and below. Our process takes advantage of a step which is oxidation. 
This produces NO2 from substantially all of the oxides of nitrogen. NO2 is a 
much more active material and can be and is absorbed readily from the gas 
stream even when present at low concentrations in the ppm range. 
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The turbine exhaiist gases are imtially at about 1000 "F after the shaft 
energy has been withdrawn them. These gases are then passed over heat 
exchangers to remove enei:gy and produce steam while cooling the exhaust 
or stack gases. Stack gases are moving at high velocity depending upon the 
diameter of the stack, and after heat is removed, the stack gases typically 
are in the range of 250 to 500 and travel about 30 - 50 feet per second. 
The gas contains 13 - 15 % oxygen, up to about 12 % water, and about 4 56 
carbon dioxide. This is in addition to the poUutants, which are the NOx 
mixed with approximately 90 % NO and 10 % NO2 and CO in the range of 30 
to 200 ppm 

The present invention involves a two step process to remove the NOx 
and carbon monoxide from the stack gases. The first step is to oxidize 
substantially all of the nitrogen oxides to nitrogen dioxide. This step occurs 
at temperatures in the range of 200' to 1000° F, and more preferably 450*' to 
800° F and at a space velocity of the exhaust gas m the range of 10,000 to 
60,000 per hour, and more preferably 20,000 to 40,000 per hour. The 
preferred conditions are 550''F ± 20° F for the tenQ)erature of the oxidation, 
and a space velocity of 30,000 ± 5,000 per hour. As used herein, the tenn 
space velocity means volimie imits of flow per volume units of catalyst per 
hour. Nitrogoi dioxide (NO2) is much more active tiian nitric oxide (NO) to 
absorption. There are at least several catalysts which can oxidize nitric 
oxide to nitrogen dioxide rapidly under the conditions which exist m the 
stack. 



The preferred catalyst is a platinum catalyst siq>ported on alimmia 
coated with zirconia, the platinum being present at about 46 grams per 
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cubic foot of catalyst. This is extremely active for the oxidation step and 
both NO and CO, where the NO remaining after the catalytic, conversion on 
the order of 1 to 3 ppm in the exhaust and the carbon monoxide is 
substantially reduced to the range of zero to a few tenths of a part per 
million. This happens rapidly and happens at the conditions that exist in the 
stack from industrial turbines. Catalysts with palladium and with a 
combination of platinum and titanium may also be used. 

The carbon monoxide is reacted extremely rapidly with the catalyst to 
carbon dioxide at temperatures anywhere above 200° to 1000 "F. This 
presents the option of oxidizing the carbon monoxide as a separate step at 
a higher temperature and space velocity/flow velocity than the preferred 
range for converting the NO to NO2. The oxidation of CO to CO2 can occur 
at space velocities of up to 1,000,000 per hour. Carbon monoxide oxidation 
can occur at the same time or prior to oxidation of the nitrogen oxides. 

The second step in the process comprises the absorption of the 
nitrogen dioxide and a substantial part of the remaining nitrogen oxide in a 
catalyst bed (similar to the catalyst of the first step), in an activated carbon 
absorber bed, which will function at least at stack tenq)erature conditions, in 
a bed of platinum coated alumina, or a combination of any of the above, and 
preferably the combination of catalyst bed and activated carbon bed. We 
have found that when most of the nitrogen oxides are present as nitrogen 
dioxides that the absorption reaction occurs to absorb some nitrogen oxide 
and essentially all nitrogen dioxide. 
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The catalyst bed may be a catalyst material, such as platmmn, 
palladium, cobalt oxide and the like, coated onto the exterior of a siq)port 
material, preferably a ca-amic material such as alumina. A zirconia layer may 
be disposed over the ceramic and under the platinum coating. The catalyst 
may be In the form of a particulate or a coating on a ceramic or metal 
structure, such as a honeycomb structure. 

The carbon bed may be any bed of an activated carbon material, and 
is preferably low ash content carbonized activated coconut shell 

The absorption step can occur at any temperature in the range of 
about 80° F to 600° F and the space velocity of the gas can be in the range 
of 1,000 to 50,000 per hour. More preferably, the absorption conditions are 
a temperature of 280° F ± 10° F and a space velocity of 10,000 to 30,000 per 
hour. Of course, it will be appreciated by a person of ordinary skill in the art 
that the conditions can vary substantially depending upon the desired result 
and the materials selected for the process. The selection of these materials 
and the optimization of the levels, temperatures and space velocities is weU 
within the skill of persons of ordinary skill in the art. 

The absorber, when it ceases to be effective, and specifically, when 
the level of pollutants increases beyond an acceptable level, can be replaced 
and the used absorber can be recharged to an effective status again. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure I is a grapli of the results of Example 1 in which an exhaust 
gas sample is treated with an oxidizing catalyst, and then contacted with an 
ahsorbing bed comprising 20 grams of platinmn loaded on a almnina (AI2O3) 
sphere at about 280*^? at a space velocity of 30,000 per hour. The graph 
shows the level of NQx over time. 

Figure 2 is a graph of the results of Example 2 in which an exhaust 
gas sample is treated with an oxidizing catalyst, and then contacted with an 
absorbing bed comprising 20 grains of G203 carbon at about 280°F at a 
space velocity of 30,000 per hour. The graph shows the level of NQx over 
time. 

Figure 5 is a graph of the results of Example 3 in which an exhaust 
gas sample is treated with an oxidizing catalyst, and then contacted with an 
absorbing bed comprising 50 grams of platinum loaded on a alumina (AI2O3) 
sphere at about 280''F at a space velocity of 30,000 per hour. The graph 
shows the level of NQx over time. 

Figure 4 is a flow chart illustrating the process of the present 
invention 

Figure 5 is another flow chart of the present invention showing the 
range of process conditions. 

Figure 6 is another flow ichait of the present invention showing the 
preferred process conditions. 



PCT/DS94/05fi38 

8 

Figure 7 is a schematic drawing of the apparatus used for the present 
invention as part of a gas turbine, energy generation system. 

Figure 7a is an enlarged drawing the NO and CO catalyst shown in 
Figure 7. 

Figure S is a graph of showing a comparison of the effectiveness of 
almmna spheres in the absorber bed to spheres of alumina coated with 
platinum- The graph shows the level of NQx over time for each type of 
absorber bed. 

Figure 9 is a graph of the results of an experiment showing the 
effectiveness of various commercially available activated carbons as 
absorbers. The graph shows the level of NOx over a temperature range of 
150^F to about 325°R 

Figure 10 is a graph showing the oxidation of NO to NO2 and 
Adsorption of NO2 through a temperature range of about 250^ to lOOO^^F. 
The space velocity was 30,000 per hour and the input CO = 100 ppm and the 
input NO = 20 ppm. The catalyst was the alumina zirconia catalyst 
Oxidation was most effective in the range of about 350°F to eSO'^F. 

Figure 11 is a graph showing the absorption of NOx on a bed 
comprising 20g of alumina spheres and a comparison of regenerated and 
fresh absorbent over time. 

Figure 12 is a graph which compares the effectiveness of oxidation 
of .5% palladium-loaded alumina spheres to .5% platinum loaded spheres as 
an absorbent. 
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Figure 13 is a graph showing the Adsorption of NO2 over time for 
absorbing materials made two different ways. The sohd circle was mad by a 
prior art method using chlorine deposition of platiniurL The open circle 
shows the NQx breakthrough using the preferred catalyst material of the 
present invention. 

Figure 14 shows the percentage of CO oxidation over time using the 
catalyst of the present invention at a temperature of about lOOOT and a 
space velocity in the range of 650,000 to 1,000,000 per hour. 
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DETAILED DESCRIPTION OF THE INVENTION 

Examples of the performance of the present invention are set forth 
bdow. There are three main examples. 

EXAMPLENO.l 

The feed gas is a simulated turbine exhaust gas that was prepared 
with 40 ppm carbon monoxide and 20 ppm total nitrogen oxides. The 
oxidation catalyst is the platinmn coated onto alumina coated with zirconia, 
which is the presently preferred embodiment of the inventioiL The oxidation 
reaction in the presence of the catalyst occurs at 545°F with a space velocity 
of 30,000/hr. The carbon monoxide of the feed gas, after contact with the 
catalyst is zero to 0.1 ppm. The nitrogen dioxide is 17.5 ppm and the 
nitrogen oxide is 2.5 ppm. After the absorber, which is operated at 285°F 
and 30,000/hr space velocity per hour, the carbon monoxide is 0.1 ppm and 
the total of the nitrogen oxides is 0.35 ppm. The absorber used is 
designated as absorber A and is described bdow. The results over time of 
the NQx exhaust is depicted in Figure L 



In the second example the same feed gas is used with 40 ppm carbon 
monoxide and 20 ppm nitrogen oxides. The nitrogen oxides which are 
initially present prior to oxidation are at 20 ppm (total NOx) are 15.5 ppm of 
nitrogen dioxide (NO2) and 4.5 ppm of nitrogen oxides (NO). The catalyst is 



oxidation and then absorption using absorber B (described below) at 280°F, 



EXAMPLE NO. 2 



the same catalyst as above in Example 1 and is operated at 575 After 
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30,000 space velocity, the carbon monoxide is 0 to 2 ppm. The total 
nitrogen oxide is 1.5 ppm. The results over time of this Example 2 are 
shown in Figure 2. 



In this third example, the same composition of simulated stack gas 
and the same oxidation catalyst operating at 545"*? and 30,000 space 
velocity as in Example 1 is used. The nitrogen oxides of 20 ppm nitrogen 
oxides are 17.6 ppm nitrogen dioxide and 2.4 ppm nitrogen oxide. After 



280*^?, 30,000 space velocity, the carbon monoxide is in the range of 0 to .1 
ppm and the total nitrogen oxides are 0.5 ppm. 

The absorbers are as follows: 

Example A: The absorber used is designated as Absorber A is 
platinum on alumina catalyst which is operated as an absorber at 280°F 
because of the characteristics of this catalyst as a catalyst for nitrogen 
oxides. It is a very good absorber for the pollutants, as demonstrated by 
the example. 

Example B: Absorber B comprises carbon, which is commercially 
designated as G203 from Westvaco origioates from coconuts which are 
carbonized and activated. 

Example C: Absorber C is a 50/50 mixture of the platinum on alumina 
catalyst and the carbon used in Example B. 



EXAMPLE NO. 3 



oxidation and absorption using absorber C (described below) operated at 
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The examples show how the nitrogen oxides are removed from the 
stack gas. Then, for a properly designed system for removal, two 
characteristics must be taken into accoimt. One is that the pollutants tend 
to saturate the absorber and gradually the amount of nitrogen oxides that 
pass through the absorber will increase with time. The absorbers then 
should be removed from the stack gas periodically and the as the 
concentration of nitrogen oxides increases to some predetermined limit, for 
example, 0.5 to 2 ppm, the absorbers then are physically removed from the 
stack gas. This can be done by hteraUy removing the absorbers and taking 
them to another reactor or by changing the flow of the stack gas through 
another absorber Also, by suitably sizing the absorbers can be operational 
for minutes or hours depending upon the nitrogen oxide concentration In the 
feed gas and the intended predetermined limit. 

Regeneration of the absorbers can be accomplished by several 
different methods. If a small absorber unit is used, or the absorber is 
housed in a separate unit from the stack, the absorbers are heated with a 
slow flow of gas which will then displace the oxides of nitrogen as the 
absorbers are heated- The resultant concentration of nitrogen oxides in the 
product gas could be somewhere between .1 and 296. These nitrogen oxides 
can then be separated economically for use commercially or the nitrogen 
oxides can be incinerated on site to produce a low NOx stream which is then 
re-fed to the turbine exhaust upstream of the catalyst. Another method of 
regeneration involves washing the NOx from the bed with water or other 
suitable solvent as is known in the art. 
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Preparation of Oxidizi ng Catalysts 



Example #4 



One kilo of an alumina coating was prepared by first calcining a 
kilogram of almnina hydrate (Condea Disperal®) to 775° C for 2 hours then 
mixing 500 grams of the caldned alumina with 500 grams of 7% acetic add 
in distilled water. This mixture was ball milled in an alumina mill for 16 hours. 
The sohds content was measured at 5096 the density was 1.54 grams per cc 
the pH was measured at 3.8, This slurry was diluted with sufficient water to 
get 4896 solids and had a viscosity of 38 centipoise. 



Several 0.7 inch diameter samples of ceramic honeycomb structure 
with 200 square cells were core drilled from a 6 by 6 by 3 inch block. This 
sample was washed with distilled water and dried at 230° C- The samples 
were weighed and then dipped slowly into the alumina coating described in 
example #4, The excess slurry was blown off v^th an air nozzle and the 
samples were weighed wet and then dried in air and then at 230° C for one 
hour. 

Example #6 

A solution of zirconia was prepared by miving equal weights of 
Tetrapropyl Zirconate (26.9% in n-Propanol) with ethanoL Several samples 
from example #5 were then immersed in the solution, the excess solution 
was shaken off. The samples were then allowed to hydrolyze in air for up to 
8 hours and then dried at 250° F for one hour. 



Example #5 
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Example #7 

A solution of Pt 2-ethylhexanoate which contained 25% Pt was added to 
Toluene to get a concentration of Pt such that the weight of solution equal 
to the Toluene uptake would contain sufficient Pt to give a loading of 1.62 
TnniigraTns of Pt per cc of catalyst sample. The dried monohth sample core 
was then immersed in the solution of Pt 2-ethylhexanoate, the excess 
solution was shaken off and recovered. The sample was then allowed to 
evaporate until the Toluene was gone. The sample was placed in an oven at 
230° C for one hour and calcined at 500° C for one hour. 



Example #8 

Samples of metal siq)ports fabricated from stainless steel, into a 
honeycomb structure measuring 0.7 inches in diameter and having between 
200 and 600 cells per square inch and having an oxide outer layer were 
coated and fired in a manner similar to examples #4 through #7. These 
catalysts were used as the oxidation catalysts for Examples 1 through 3. 

The gases were measured as follows: CO was measured by a TECO 
model 48 infrared analyzer, CO2 was measured by a Horiba CO2 infrared 
meter and NO and NO2 was measured using a TECO model #10R 
chemiluminescent detector with a stainless sted converter. 
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Structure of Process Apparatus 



The apparatus of the present inventton is shown tn Figure 7. The 
apparatus as shown in Figure 7 is included with a gas turbine engine 12 and a 
generator 14, which are not intended to be a part of the scope of the 
present invention, but are adjunct to the apparatus and process of the NQx 
reduction system of the present invention. 

The first element of the present invention is the CO catalyst 16 which 
comprises the catalyst described above. The CO catalyst is optional but is 
present in the preferred embodiment. A detailed drawing of the CO catalyst 
is set forth in Figure 7a- As stated above, the CO catalyst can perform its 
necessary CO oxidation at temperatures up to lOOO'^F and at space 
velocities up to 1,000,000 per hour. The CO catalyst comprises a plurahty of 
catalysts blocks made in accordance with the above described method. 

The next element of the present invention is the NO catalyst 18 which 
may be the same as the CO catalyst. The space velocity and temperature 
are preferably lower for the NO catalyst as described above. 

The next element of the present invention is the absorber bed 20 
which may be activated carbon, catalyst material or a combination, or other 
materials as described above. The NOx absorbed by the absorber bed may 
be washed off with water or driven off with air or gas, or burned off as 
described herein, and it may be recycled back to the gas turbine 12 as 
shown through conduit 22. 
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The process of the present invention is shown in Figure 4-6. Figure 4 
shows the process generally. In the first step 30 the exhaust gas, which is a 
flue gas comes off the engine at a temperature of about 1000'' F after the 
energy for the generator is removed. The gas is contacted with an oxidation 
catalyst 32 which oxidizes the NO to NO2 and the CO to CO2. The oxidation 
product is then absorbed on the absorber bed 34. The absorber bed may 
be monitored 36, or more correctly, the gas stream may be monitored to 
determine the NOx level of the stream, which if it increases to an undesirable 
level, the absorber bed is regenerated 38. Alternatively, if the system is 
wen-characterized, the absorber bed can be changed or regenerated at 
defined time intervals. The product from the absorber bed, which contains 
concentrated NOx in gas is transferred back to the catalyst 39, or if washed 
off, is in the form HNO3 and is transferred to the turbine in hquid form 40 
and reused- 

Figure 5 shows the process of the present invention in more detail 
with the process ranges. The flue gas enters the system at about 1,000**F 42. 
It contacts the oxidation catalyst at ZOO^'F to lOOO^F and a space velocity of 
10,000 to 60,000 per hour 44. The NOx is then absorbed on the absorber 
bed at a temperature of 80°F to 600°F and a space velocity of 1,000 to 
50,000 per hour 46. The absorber bed can then be regenerated any of a 
number of ways including driving off the NOx and burning it 48, concentrating 
the NOx and disposing it 50 (it can be concentrated in a pure form aiid sold 
as nitric add or some other commercially desirable form), recirculating the 
NOx back to the gas turbine engine in liquid or gas form 52 or recirculating 
the NOx in gas form back to the catalyst 54. 
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Figure 6 shows the presently preferred embodiment. The flue gas 60 
Is contacted with the oxidation catalyst at 550^F ± 20 and a space velocity 
of 30,000 ± 5,000 per hour 62. The oxidized exhaust is then absorbed at 
280^FilO and a space velocity of 10,000 to 30,000 per hour 64. The NQx and 
NO, and possibly the CO is monitored 66, although this is not necessary if 
the system is weU-characterized. When necessary, the absorber is 
regenerated 68 and concentrated NOx is sent back to the gas turbine for 
rerunning 70. 

Figures 8-14 illustrate the results of various experiments which 
demonstrate the effectiveness of the present conditions with the alteration 
of various process parameters. 

Figure 8 is a graph of showing a comparison of the effectiveness of 
alumina spheres in the absorber bed to spheres of alumina coated with 
platinum. The graph shows the level of NOx over time for each type of 
absorber bed. The platinum loaded spheres are preferred although the 
alumina spheres are also effective in absorbing about one half of the NQx. 

Figure 9 is a graph of the results of an experiment showiqg the 
effectiveness of various commercially available activated carbons as 
absorbers. The graph shows the level of NOx over a temperature range of 
150^F to about 325**F. G201 and G203A/AB from Westvaco performed the 
best. 

Figure 10 is a graph showing the oxidation of NO to N02 and 
Adsorption of N02 through a temperature range of about 250'' to 1000°F. 
The space velocity was 30,000 per hour and the input CO = 100 ppm and the 
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input NO = 20 ppnL The catalyst was the alumina zirconia catalyst described 
in Example 7. Oxidation was most effective in the range of about SSO^'F to 
650°R 

As used throughout the specification, the term absorption and 
adsorption are used interchangeably with respect to the action of the 
absorber bed since we have determined that both absorption and 
adsorption appear to occur. 

Figure 11 is a graph showing the absorption of NOx on a bed 
comprising 20g of alumina spheres and a comparison of regenerated and 
fresh absorbent over time. By comparing Figures 1 and 11, it can be 
determined that alumina spheres with a platinum coating are a superior 
absorber relative to alumina spheres without the platinum coating. 

Figure 12 is a graph which compares the effectiveness of oxidation of 
.596 palladium-loaded alumina spheres to .5% platinum loaded spheres as an 
absorbent at 280"* F. Both are effective, and the platinum is preferred. 

Figure 13 is a graph showing the Adsorption of NO2 over time for 
absorbing materials made two different ways. The solid circle was made by 
a prior art method using chlorine deposition of platinum. The open circle 
shows the NOx breakthrough using the preferred catalyst material of the 
present inventioiL The preferred embodiment is obviously better. 

Figure 14 shows results of an experiment using the shp stream from a 
power plant with a gas turbine engine. This graph shows the percentage of 
CO oxidation over time using the catalyst of the present invention at a 
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temperature of about 1000°F and a space velocity In the range of 650,000 to 
1,000,000 per hour for a period of about 1300 hours of operation. CO 
oxidation was essentially complete throughout the entire ejq)eriment. 
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£UAIMS 



What is claimed is: 

1. A process to remove nitrogen oxides from nnrbine exhaust 
streams comprising the steps of: 

catalytically oxidizing substantially all nitrogen oxides to nitrogen 
dioxide; and 

absorbing the remaining nitrogen oxides from the stream on a soM 
absorbing bed; 

whereby a turbine exhaust streams is produced which is substantially 
free of nitrogen oxides, 

2. The process of claim 1 wherein said process also oxidizes CO 
to CO2, whereby the exhaust streams are substantially free of carbon 
monoxide. 

3. The process of daim 1 wherein said oxidation step occurs in the 
presence of an oxidation catalyst comprising a metal or metal oxide 
selected from platinum, palladium and cobalt oxide disposed on a support 
comprising alumina. 
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4 Tlie process of claim 3 wherem the oxidation catalyst .comprises 
platinum coated on an alumina catalyst coated witii zirconia, 

5. The process of claim 1 wherein said catalytic oxidation step 
occurs at a temperature in ttie range of 200° to 1000" F and at a space 
velocity of the exhaust stream in the range of 10,000 to 60,000 per hour. 

6. The process of claim 5 wherein said catalytic oxidation step 
occurs at a temperature of 550°F ± 20° F and a space velocity of 30,000 ± 
5,000 per hour. 

7. The process of claim 1 wherein said absorption step occurs at a 
temperature in the range of 80° F to 600° F and a space velocity of the gas in 
the range of 1,000 to 50,000 per hour. More preferably, the absorption 
conditions are a temperature of 280° F ± 10° F and a space vdodty of 
10,000 to 30,000 per hour 

8. The process of claim 7 wherein said absorption step occurs at a 
temperature in the range of 280° F ± 10° F and a space velocity of 10,000 to 
30,000 per hour. 
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9. The process of claim 1 wherein said process fimher comprises 
the step of monitoring the exhaust gas after the absorption step to 
determine the level of nitrogen oxides therein. 

10. The process of daim 9 further comprising the steps of removing 
the absorber from the gas stream and providing a new absorber when the 
level of nitrogen oxides increases to a predetermined level 

11. The process of daim 10 fmther comprising the step of 
regenerating the removed absorber. 

12. The process of Halm 2 wherein the support comprises 
particulated almnina or an alumina coated ceramic or metal structure. 

13. The process of daim 12 wherein the ceramic or metal structure 
is a honeycomb structure. 

14. The process of daim 1 further comprising regenerating the 
absorber bed. 
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15. A process for removiiig nitrogen oxides and carbon monoxide 
from turbine exhaust streams comprising the steps of: 

catalytically oxidizing substantially all nitrogen oxides to nitrogen 
dioxide; and 

absorbing the remaining nitrogen oxides from the stream on a sohd 
ahsorbing bed; 

whereby the nitrogen oxides and carbon monoxides are each reduced 
to a level of less than 2 ppm. 

16/ The process of claim 15 wherein the absorbing bed comprises 
an alumina coated with platinum or paUadium. 

17. The process of claim 15 wherein the absorbing bed comprises 
an activated carbon. 

18. The process of claim 15 wherein the absorbing bed comprises a 
mixture of alumina coated with platinum and activated carbon. 

19. Hie process of claim 15 wherein the absorbing bed comprises a 
composite of alumina and activated carbon is substantially homogeneous 
layers. 
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20. The process of claim 15 further comprising regenerating said 
absorbing bedL 
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